An automatic weather station to be installed on a detached island as a data collection platform of the Geostationary Meteorological Satellite system was developed, and tested during the last one year, and a successful result has been obtained.
Intro duction
One of the main missions of our Geostationary Meteorological Satellite (hereafter abbreviated to GMS) System (Kodaira and Murayama, 1974 ) is meteorological data collection from the Data Collection Platform (DCP). The DCPs consist of several types : land-based station, buoy, merchant ship and carrier balloon. A review of an effort to develop a land-based DCP for the GMS system and the operating test results that have been conducted for one year are presented here.
The JMA network of the Automatic Meteorological Data Acquisition System (AMeDAS) has been confined to the location where a commercial power line and a public telephone line are available.
Therefore in an area such as a remote island and other places where are out of the coverage of the AMeDAS network, the automatically observed meteorological data should be collected in real time from the DCP to a central data processing station via the GMS. An unattended DCP must use its own power source such as batteries, solar cells or windmill generators, so that the design of the DCP should aim chiefly at low power consumption and long-period freedom from attendance.
The model of DCP developed and tested is primarily for remote island purposes, but it can be applied to ship-board model and/or buoy DCP merely by re-design of the antenna.
Outline of the DCP system
The DCP system is classified into two main classes : the international DCP and the individual or national DCP. The former includes ship-board and carrier balloon DCP, which are operated in the common interrogation-and-report radio frequencies among five geostationary meteorological satellites but in time sharing to keep radio communication free from interference. The latter includes fixed DCP, such as land-based and buoy station, where the same frequency is utilized in every other satellite to avoid radio interference.
The ship-board DCP will be operated not only by the GMS system but by other satellite systems.
The minimum requirement for the communication system has been decided by the Co-ordination Conference of the satellite operating countries (CGMS 4).
Another classification of DCPs are as follows ; a) Interrogated Platform : A DCP that provides a data message in response to a command from the spacecraft. b) Self-timed Platform : A DCP that transmits message at regular time periods controlled by an internal clock, in this system a very accurate clock is needed instead of the radio receiver which should be operated at all times. This system has advantages in cost and power consumption, but it is unable to make a report in emergency cases and has little radio frequency channel allowance. In order to test the DCP radio set before the GMS launching, a simulator has been constructed to interrogate the DCP on the same condition as the GMS in the geostationary orbit. A running operation test by using the simulator gave us no trouble in maintaining for more than one year after the first one month of debugging.
3. Development Model 3.1 Characteristics of the DCP (a) Link parameters The link power budget between DCP and spacecraft is designed under the condition of the power flux density of -124 dBm/m2 to -97 dBm/m2 at the DCP which has been decided by the CGMS. Table 1 shows the down-link power budget. The response link from the DCP to the spacecraft is the frequency division multiple access mode (400 kHz bandwidth, 3 kHz/channel). The power flux density at the spacecraft has been decided on -115± 5 dBm/m2 by the CGMS. Therefore the transmitting power of the developed DCP is designed to have the power flux density of -120 dBm/m2 at the spacecraft.
The DCP is a type of platform which requires interrogation from the spacecraft, Fig. 1 shows the message format.
It is desired to reduce the time duration of unmodulated carrier transmission for the rapid data, collection schedule.
In this model the unmodulated time duration of 60 sec. is used without any trouble during the test period. The command/address format used in this model of national DCP is different from the format decided by the CGMS in consideration of the capability of calling all the DCPs at a time or individually.
The international DCPs are not divided into several classes as shown in Fig. 1 .
The DCP link of buoy can not be always kept in good quality when it is subject to pitch and roll and then probabilities of bits errors may become high. Therefore 31-21 BCH code which has the capability of detecting four bits errors is used as command/ address code.
The response message format consists of command/address message patterns, sensor data and EOT. The carrier-to-noise ratio of the receiver of the Command and Data Acquistion Station (CDAS) is low enough to detect noisy carrier signals, so the unmodulated response carrier duration of 5 sec. is used which is much smaller than that of the interrogation case.
The sensor data including start and stop bit and parity check bit consists of 11 bits per character.
(c) Radio set of developed model The functional block diagram of the DCP system developed model is shown in Fig. 2 . The system includes the receiver, decoder and encoder unit, transmitter, meteorological sensor unit and power supply unit.
The digital transmission of ±70° PSK Manchester split-phase coded modulation is used for high transmission quality of data and simplicity of radio equipment.
A double super-heterodyne receiver receives command signals and demodulates them with phase lock loop detector.
A carrier acquisition is done by the sweeping frequency of VCXO (Voltage control crystal oscillator) of PLL loop with sawtooth wave form covering the frequency range of ±1 kHz and a period of 60 sec. This frequency range is chosen because the frequency stability of the temperature compensated crystal oscillator of the receiver is normally ±1 x 10-6/year and the actual drift was 1.47x10-6 after a test of two years' duration.
The noise bandwidth of the PLL is 17 Hz when it is unlocked and 6 Hz when it is locked in order to improve the probability of unlock. The unlock level is -130 dBm. The characteristics of the radio set are shown in Table 2 and the measured and theoretical relations between carrier to noise ratio and bit error rate are shown in Fig. 3 .
During 20 sec. of stabilizing period after receiving the command signal, the sampled meteorological data are converted into ASCII code in order to store in the buffer registers.
The sensor data of buffer registers will be cleared by receiving a new command signal.
or after a lapse of predetermined time from the former command in order to avoid sending the undesired former data.
The transmitter power supply is usually turned off except for the data transmission period.
(d) DCP link simulator The block diagram of the satellite simulator used for testing the DCP function is shown in Fig. 4 . The simulator consists of a radio unit similar to that of a spacecraft, a command signal generator operated by crystal clock or manually and a signal recorder with a parity check function of data code. The output data format is shown in Fig. 5 .
The radio sets of the DCP and the simulator are directly connected by coaxial cables through a variable attenuator of 1 dB step to adjust the signal level and also the output of a noise generator is added to the signal. 
Meteorological units The main requirements
of the system design of a meteorological unit are low power consumption, long maintenance-free period and low cost. To fulfil these requirements, some of the sensors could not adopt the JMA and/or WMO standard type. The snow sensor is not under consideration because the main sites of our DCP will be in the southern part of our country.
(a) Shelter
Because of low power requirement, a small double walled screen is used for temperature and humidity measurement instead of a standard forced ventilation type. Fig.  6 shows a cross section of the shelter. When the outer wall is heated by sunshine in calm weather, the warmed air rises up between the two walls and fresh air will come in from the bottom through the detectors. Air temperature obtained with the double-walled screen was simultaneously compared with that obtained with the standard ventilated screen. The maximum difference was less than ±0.5°C, and this was on a calm night when the ground surface was cooled by nocturnal radiation as shown in Fig. 7 .
As the wooden louver of this kind is rather difficult to construct, it is recommended to develop a more simply constructed screen of plastic or metal for the operational model.
(b) Temperature
A thermister thermometer is used. Ternperatures in the range of -20°C to +40°C are expressed in three significant digits by adding 50 for the value of below zero as shown in Fig. 5 for transmission purposes.
(c) Humidity The standard humidity sensor in JMA, namely the so-called Dewcel, is not adopted because of its power consumption required for heating it and the necessity of renewal of the LiC1 solution once in every one or two months.
We (Yakame, 1973) , whose time constant is determined by the worm-gear ratio of the propeller shaft. Fig. 8 shows the characteristics of the wind direction sensor having a distance constant of 50 meters. Though the complex mechanical structure seems to be frail in some degree, it is so constructed as to withstand up to 60 m/s with the wind tunnel test. Wind direction signal is 0-1 volt for 0-360° with the resolving power of 10°.
(e) Pressure
Movement of an aneroid capsule is measured by the differential transformer. The values of atmospheric pressure 920-1040 mb is converted into three-figure numbers 000-240 for transmission.
(f) Weather
The combination of a rain detector and sunshine detector makes it possible to distinguish among "rain", "cloudy" and "clear". Sunshine is detected by a differential solar cell type sunshine sensor developed by Yazaki (1976) . One of the three cells looks toward the north with the sunshield to protect it from the direct sun and the other two cells look toward south-east and southwest respectively as shown in Fig. 9 . The sunshine sensor agrees well with Campbel sunshine recorder as regards the measured value. Fig. 10 shows the block diagram of the weather sensor in which three cells are connected differentially.
When it is cloudy and the three cells are in the shade, the output signal becomes about zero. The output increases when B and/or C cells are exposed to the sun.
The "clear" signal comes out when the output voltage exceeds the limit of the sunshine intensity 0.3 cal/cm' min. The sunshine signal has priority over the rain signal. It shows "cloudy" at night whether it is cloudy or clear.
The conventional design of the rain detector was used an electric heater to evaporate the attached rain drops, so that the rain signal is cut off soon after the rain stops. As in our DCP system an electric heater can not be used, it takes a very long recovery time. Improvements of the rain sensor on this point are under development.
(g) Rainfall A tipping bucket rain gauge is used to measure up to 999 mm of rainfall.
(h) Insolation A pyranometer with thermopile is used to measure insolation.
The electronic circuit must be in operation all the time in order to integrate the output of the thermocouple.
The power consumption is about 50 mA x 12 V, and is almost the same as the power of receiving radio equipment. In this circumstance observation of insolation should be inevitably limited to a particular location where abundant electric power is available.
The items of meteorological observation and their accuracies are listed in Table 3 .
All the instruments are installed on a pole 6 meters, heigh except the rain gauge and barometer as shown in Fig. 11 . In this figure the radio set is not shown. 3.3 Power source The radio receiver, demodulator and meteorological instruments of data integration type should always be in operation. But the instantaneous data type instruments and transmitter are in operation only during the time of observation and transmission. Their power consumption is estimated as listed in Table 4 .
During the stand-by period the power required is about 0.5 watt for a radio set and about 0.6 watt on an average for meteorological instruments.
The heaviest power consumer among them all is the insolation integrator, because the other instruments are not in operation except for the reporting period. The total power consumption for one year is about 1430 A.H. (12 volts) for regular observation at one-hour intervals and 1061 A.H. (12 volts) at three-hour intervals.
The most promising scheme for the power source of this type of automatic weather station may be the use of solar cells. Considering the average sunshine in our country, the size of the solar cell panel will be about 53 cm x 62 cm -±10% depending on the climate. For this size of solar panel, 360 cells of 26 mm in diameter are installed.
Conclusion
The DCP it a new data collection system by use of GMS as a communication medium from an isolated place where only the short-wave radio is available to transmit the observed data to the center station without the help of a satellite.
In this respect, it is fortunate that our DCP development model has been successfully tested. The DCP prototype model is ready to be constructed.
However, further studies will be required to improve the following points :
(1) Total power consumption should be reduced by means of a lower power radio set. (2) Further testings are needed for humidity sensors and rain detectors. (3) As automatic weather stations for buoys are already in operation by the short wave radio, it is enough to develop only the omnidirectional antenna and modify the radio set. The buoy has an adequate power of secondary battery.
(4) Because the ship-board DCP is an attended station, a dial key board system or paper tape system which is readily available may be most economical for data input. A high gain directional antenna with automatic tracking system is rather expensive for the ship-board DCP.
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